Relying on a present value model with time-varying expected returns, and incorporating a quite general class of processes to model bubble-like stock price deviations from the long-run equilibrium, we provide empirical evidence on the U.S. log dividend-price ratio over the 1871:1-2001:9 period, as well as for several sub-periods. The application of a momentum threshold autoregressive technique designed to detect asymmetric short-run adjustments to the long-run equilibrium provides empirical support in favor of the long-run validity of the present value model. Nevertheless, in the short-run, U.S. stock prices exhibit large and persistent bubble-like departures from present value prices followed by a crash.
Introduction and literature review
One of the most actively investigated economic phenomena of the last decade has been the behavior of aggregate U.S. stock prices. The stock market surge in the closing years of the 20th century, followed by the steady fall since March 2000, has renewed the debate about the relative influence of fundamentals versus non-fundamentals in explaining movements in stock prices.
1 According to the standard present value model, stock prices are fundamentally determined by the discounted value of its expected future dividends, which in turn derive their value from future expected earnings (e.g., see Campbell, Lo, & MacKinlay, 1997; Cochrane, 2001) . Non-fundamental stock price increases and crashes can be integrated into present value models by dropping the transversality condition which imposes a unique solution on stock prices. In addition, such outcomes can be theoretically justified by stochastic speculative bubbles (Blanchard & Watson, 1982; Evans, 1991; West, 1987) . Noise trader models, along the lines of Kirman (1991 Kirman ( , 1993 and Shleifer (2000) , as well as the theory on booms and slumps in economic activity developed by Phelps (1994) , and Phelps and Zoega (2001) , also provide a theoretical rationale for this kind of stock price behavior. Empirical analyses of the validity of present value models have been extensively conducted in the cointegration framework by relying on two approaches. One, based on a present value model, together with the assumption of a constant discount rate, predicts that stock prices and dividend levels are attracted to each other in the long-run (i.e., they are theoretically cointegrated), if stock prices and dividends follow integrated processes of order 1 and the transversality condition holds (Campbell & Shiller, 1987) . Alternatively, if the present value model is valid, and assuming a time-varying discount rate instead of a constant one, the log difference between dividends and prices follows a stationary process (Campbell & Shiller, 1988a , 1988b .
The available empirical evidence in the finance literature on both types of models, however, is mixed. The widely cited studies of Campbell and Shiller (1987) , and Diba and Grossman (1988) , contain ambiguous findings for the U.S. stock market for the 1871-1986 period, depending on the implemented test and its specification. The evidence for the log dividend-price ratio is equally ambiguous. For example, Froot and Obstfeld (1991) , using U.S. data for the 1900-1988 period, found mixed empirical evidence depending on the specification of the deterministic component in the Dickey and Fuller (1981) regression model that tests for a unit root. Using a variety of time series which end in the late 1980s, Craine (1993) is unable to reject the null hypothesis that the log price-dividend ratios contain a unit root.
More recently, Lamont (1998) provides evidence in favor of a unit root in the log dividendprice ratio relying on U.S. quarterly data 1947:1-1994:4 and standard Dickey-Fuller tests. However, bivariate Horvath-Watson (1995) tests produce strong evidence in favor of a cointegrating relationship between dividends and stock prices. Balke and Wohar (2002) are also unable to reject the null hypothesis of a unit root applying Dickey-Fuller tests for the log price-dividend ratio for U.S. quarterly data 1953:2-1999:1. Moreover, based on the Horvath and Watson's (1995) procedure, their findings contradict Lamont's evidence. Balke and Wohar argue that the conflicting empirical findings are most likely due to the longer sample and the rapid increase in stock prices since 1995.
From a methodological point of view, if we take as given the long-run validity of the present value model, the low power of unit root tests in particular, non-linearities, structural breaks and/or outliers are possible candidates for the mixed findings. From the economic point of view, as findings in favor of the no cointegration and non-stationarity hypotheses suggest, it is difficult to believe that the path taken by stock prices is such that there is for all times an increasing discrepancy between stock prices and fundamentals.
Instead, we formulate a more plausible hypothesis. We begin by assuming that the present value model provides an empirically valid theoretical framework for the behavior of U.S. stock prices in the long-run. Nevertheless, we argue that, in the short-run, formal empirical recognition of asymmetries is necessary. This is justified by views that suggest that stock prices exhibit run-ups followed by crashes which are theoretically justified either by stochastic speculative bubble models (Blanchard & Watson, 1982; Evans, 1991; West, 1987) , models of noise trading (Kirman, 1991 (Kirman, , 1993 Shleifer, 2000) , or the theory of booms and slumps in economic activity (Phelps, 1994; Phelps & Zoega, 2001) . In particular, the classic run-ups followed by a sudden and large reversal in stock prices suggest that stock prices exhibit some momentum away from an equilibrium position that is quickly corrected once the disequilibrium reaches a certain threshold.
Consequently, conventional integration and cointegration methods are not appropriate because they assume a unit root as the null hypothesis and a linear process under the alternative. Hence, we implement the momentum threshold autoregressive (MTAR) model proposed by Enders and Granger (1998) , and Enders and Siklos (2001) . These models are equipped to provide the requisite empirical evidence favorable to the long-run validity of the present value approach by permitting short-run asymmetric stock price adjustment or error correction mechanisms. Needless to say, there are other non-linear candidate models that might also explain the evolution of stock price behavior. However, the testing framework used here has the advantage that it preserves the linear long-run or cointegrating relationship preferred by the existing theoretical framework, while permitting threshold adjustment in the error correction terms. In addition, the momentum framework is appealing from an economic perspective, and the relevant tests have demonstrably more power than conventional threshold adjustment models. Finally, and just as important, the technique is simple to implement and is, consequently, practical since the form of asymmetry investigated here is fairly commonplace in financial time series analysis.
From the theoretical perspective, we rely in this paper on a present value model with time-varying expected returns and a quite general class of processes to model bubble-like deviations from the long-run equilibrium. The application of the MTAR technique allows us to draw conclusions about the long-run validity of the present value model and, hence, addresses the question of whether U.S. stock prices adhere to fundamentals in the long-run. Furthermore, investigating the short-run dynamics the MTAR approach provides a test concerning the importance of bubble-like processes in stock prices.
Empirical evidence is presented for the U.S. stock market over the 1871:1-2001:9 period, as well as several sub-samples. Our aim, of course, is to provide a check of robustness. With few exceptions, we find that the log dividend-price ratio is a stationary process with asymmetric short-run adjustment that exhibits stock price run-ups followed by crashes.
The paper proceeds as follows. In Section 2, we provide the theoretical background necessary to justify the usage of the MTAR technique which is outlined in Section 3. Section 4 presents the empirical findings on the U.S. stock market and Section 5 concludes.
Present value relations and bubble process modeling
The basic framework for our analysis is a present value model which relates the real stock price, P t , to its discounted expected future real dividends, D t , using either a constant or a time-varying expected return (or discount rate).
2 Starting with the case of a constant expected return, E t R t+1 = R, the present value model can be written as:
where E t denotes the conditional expectations operator. If the transversality condition holds, then the real stock price is equal to the fundamental value P t = F t and the market fundamentals component of the stock price in turn is equal to the present value of expected real dividends discounted by R:
Following Campbell and Shiller (1987) , Eq. (2) implies:
If stock prices and real dividends follow integrated processes of order 1, P t , D t ∼ I(1), and the transversality condition holds, P t = F t , then P t and D t are theoretically cointegrated with the cointegrating parameter R −1 . The analysis of stock price behavior assuming time-varying expected returns is more complicated compared to the case of constant expected returns because the relation between prices and returns becomes non-linear. Shiller (1988a, 1988b) propose a log-linear approximation of the present value framework which enables to investigate stock prices behavior under any model of expected returns. Their formulation leads to the following present value equation:
where p t denotes the log of the stock price, d t the log of the dividend payment, and r t the log of the time-varying discount rate. ρ and k are linearization parameters defined by ρ
as the average log dividend-price ratio, and k = −log(ρ) − (1 − ρ)log(1/ρ − 1). Rewriting Eq. (4) in terms of the log dividend-price ratio, and imposing the transversality condition, yields:
Given that changes in the log dividend and the log discount rate follow a stationary process, the log stock price and the log dividends are cointegrated with the cointegrating vector [1, −1] and the log dividend-price ratio is a stationary process (see also Cochrane & Sbordone, 1988; Craine, 1993) . Relaxing the assumption of constant expected returns in favor of time-varying expected returns leads to a model which does not only rely on a more realistic assumption, but is also easier to investigate empirically due to the simpler structure. The empirical investigation of the log dividend-price ratio model, first, does not involve the estimation of an unknown cointegrating parameter and, second, measurement problems associated with deflating nominal stock prices and dividends by some price index do not occur.
Furthermore, as shown in Timmermann (1995) , when expected returns vary over time the present value model does not generally imply the existence of a stationary relationship between the integrated level variables P t and D t . In contrast, cointegration tests that rely on the log dividend-price ratio are, under plausible assumptions, valid in the presence of time-varying expected returns. With the exception of highly persistent expected returns (see Priestley, 2001 for empirical evidence), and small samples, cointegration tests on the log dividend-price ratio tend to reject the null hypothesis of no cointegration more frequently than cointegration tests in levels. Consequently, our empirical investigation is based on the testable implications of the present value model (5) with time-varying expected returns.
The discussion of the two types of present value models relies on the assumption of the validity of the transversality condition which ensures a unique solution of the stock price, the market fundamentals stock price. If the transversality condition fails to hold, there are an infinite number of solutions. This provides the opportunity to incorporate a non-fundamental component into the present value model which allows to model deviations of stock prices from their fundamental value. While the bubble solution satisfies the Euler equation, it violates the transversality condition and the stock price is non-unique.
Speculative bubbles are mostly defined as non-fundamental stock price increases generated by extraneous events or rumors and driven by self-fulfilling expectations. After the stock price reaches a high level, the bubble bursts and can then restart again (Blanchard & Watson, 1982; Evans, 1991; West, 1987) .
3 Shleifer (2000) provides a model of positive feedback trader behavior in such bubbles. Shleifer's model combines arbitrageurs' trading in anticipation of noise demand with positive trading strategies. As outlined in Shleifer's model, this model describes the events occurring during bubble periods more accurately than do models of rational bubbles, which focus exclusively on price increases and an eventual crash. In addition, Kirman (1991 Kirman ( , 1993 ) presents a theoretical explanation of how changes in market opinion among non-fundamentalist agents in financial markets may be generated and how these changes may be transmitted into asset prices. Although his model is very different to Shleifer's framework, the Kirman approach also gives rise to bubble-like phenomena in which asset prices exhibit periods of tranquillity followed by bubbles and crashes.
From an economic perspective, one can also motivate the econometric framework via the theory developed by Phelps (1994) and since enriched in subsequent research (Phelps & Zoega, 2001; Siklos, 2002) . Booms and slumps in economic activity are grounded in dividends and earnings, since these reflect future economic prospects. The latter are reflected in movements in stock prices. Asymmetry is obtained because stock prices adjust faster than the fundamentals that drive them. Hence, changes in dividends and earnings are more sluggish than those in stock prices. 4 While the above-mentioned frameworks are different theoretical approaches that explain large and persistent departures from the long-run equilibrium, all have in common the notion that stock prices may accelerate in growth and collapse after reaching high levels. Furthermore, by ruling out non-negative stock price growth accelerations, the models suggest an asymmetric behavior in stock prices relative to fundamentals of a particular variety to be detailed below. This pattern can be formally included in the present value model with time-varying expected returns (Eq. (5)) by adding on the right-hand side the term:
where b t denotes the bubble term defined in logarithms, ϑ t is a random variable with Eϑ t = 1+r t , and u t is a stationary time series of identically, not necessarily independently distributed random variables with E(u t ) = 1. The quite general class of bubble processes (6) put forward by Charemza and Deadman (1995) satisfies two conditions that are generally accepted in the literature. First, the bubble process must be a submartingale E t−1 b t = (1 + r t )b t−1 . If a bubble is present, the right-hand side of Eq. (5) must be augmented by the non-stationary process b t so that d t and p t cannot be cointegrated with the cointegrating vector [1, −1]. Second, the multiplicative and log normal formulation for ϑ t = exp(θ t ) and u t = exp(U t ) ensures the non-negativity of the bubble process (6), where
Another important characteristic of the bubble model (6) is its flexibility to capture bubble processes which eventually burst. Depending on the specific values of r and σ 2 θ the bubble process can, after a period of stability, accelerate in growth, then collapse and then begin again. It is this kind of phenomenon that suggests adjustment from a disequilibrium of the momentum variety (see below). While this bubble behavior is consistent with Evans' (1991) periodically collapsing bubbles, the bubble model (6) is less restrictive and bubble bursts are in difference to the Evans' model determined by the variance of the random variable ϑ t .
The characteristic of a non-negative bubble process and the potential to capture run-ups in stock prices before a crash suggests an asymmetry in the behavior of the log dividend-price ratio. As shown by Evans (1991) , and Charemza and Deadman (1995) , conventional integration and cointegration tests are misleading in the presence of such processes and tend to reject the null hypothesis of non-stationarity too often. Moreover, the findings contained in Enders and Granger (1998) , and Enders and Siklos (2001) , demonstrate the low power properties of conventional test approaches in the presence of asymmetric departures from the long-run equilibrium. These arguments make clear that techniques designed to capture certain types of asymmetric adjustment behavior are needed to obtain deeper insights into the characteristics of the log dividend-price ratio and stock price behavior in general. One such appropriate econometric technique is presented in the next section.
MTAR model and log dividend-price ratio
The well-known Dickey-Fuller (1981) test and its extensions assume a unit root as the null hypothesis and a symmetric adjustment process under the alternative. These tests are misspecified if the adjustment dynamics are asymmetric. A formal way to quantify an asymmetric adjustment process as a generalization of the Dickey-Fuller test is given by the MTAR model proposed by Enders and Granger (1998) and Enders and Siklos (2001) :
where the indicator variable is defined as:
τ denotes the value of the threshold. If the system is convergent, (d − p) t = τ is the long-run equilibrium value. In case (d − p) t is above its long-run equilibrium value, the adjustment is ρ 1 (d − p) t−1 , and if it is below its equilibrium value, the adjustment is ρ 2 (d − p) t−1 . The Dickey-Fuller test is a special case of the MTAR model (7) and (8) in case of a symmetry in the error correction process ρ 1 = ρ 2 . Details on the estimation of the MTAR model are provided in the next section. The MTAR model sets up the null hypothesis of a unit root in the log dividend-price ratio, that is, H 0 :ρ 1 = 0, H 0 :ρ 2 = 0, and H 0 :ρ 1 = ρ 2 = 0. The distributions for these statistics are non-standard and, therefore, the critical values provided in Enders and Granger (1998) , and Enders and Siklos (2001) , are used. 5 We denote the statistics testing the null hypothesis of no cointegration asF C . If this null hypothesis is rejected, the null hypothesis of symmetric adjustment, H 0 :ρ 1 = ρ 2 , can be tested using the usual F-statistics denoted asF A . In case the null hypothesis H 0 :ρ 1 = ρ 2 is not rejected, we can conclude in favor of a linear and symmetric adjustment in the log dividend-price ratio.
The MTAR technique is designed to detect empirically the bubble process outlined above because the theoretical potential for positive, but not negative, bubbles and the characteristic of stock prices increases relative to dividends before a crash suggests an asymmetry in the development of the log dividend-price ratio. This bubble behavior is captured via changes in (d − p) t−1 below the threshold followed by a sharp increase to the threshold, while the path of changes in (d−p) t−1 above the threshold does not show bubble eruptions followed by a collapse.
For example, imagine the threshold in Eq. (8) is zero, so that τ = 0. Then, (d−p) t < 0 is indicative of a rise in stock prices relative to dividends followed by a crash where, according to the bubble hypothesis, the departures from present value prices can be large and persistent. In contrast, a comparable behavior for decreases in stock prices relative to dividends (i.e., (d −p) t > 0) and a return back to the equilibrium position is not expected. The result is asymmetric behavior in deviations from the equilibrium and an indication of the existence of bubbles that eventually burst. Accordingly, if the estimated coefficientρ 2 is statistically significant, negative, and larger in absolute value relative to the parameterρ 1 , and the null hypothesis of symmetric adjustment, H 0 :ρ 1 = ρ 2 , is rejected, evidence is found in favor of the existence of bubbles in stock prices. While the null hypotheses of the conventional Dickey-Fuller test and the MTAR models are identical, the alternative hypotheses for both differ in case of a rejection of the null hypothesis H 0 :ρ 1 = ρ 2 . The feature of testing the null hypothesis of a unit root against the alternative of stationarity with MTAR adjustment permits an empirical investigation of bubbles in stock prices.
Empirical results
For the log dividend-price ratio the Standard and Poor's stock price index and the corresponding dividend time series are taken from Shiller's Web site http://aida.econ.yale.edu/∼shiller. A description of the time series can be found in Shiller (1989 Shiller ( , 2001 ). The various sub-samples considered were chosen with the following objectives in mind. First, we want to determine the robustness of our results to sample selection, especially ones that can be justified on institutional or historical grounds. For example, Shiller (2001) identifies 1982 as the year when a dramatic increase in stock prices began. The year 1995 is also chosen as the end of a sub-sample because the post-1995 period is identified by Balke and Wohar (2001) as one that saw historically high real dividend growth. The selection of the years 1900 and 1925 are primilarly motivated by the dates chosen in other studies. The year 1947 is chosen to examine the change in the behavior of dividends following the end of World War II period (Lamont, 1998) . Therefore, conventional augmented Dickey-Fuller (ADF) tests and MTAR tests are implemented for samples ending in 2001 (1871:1-2001:9, 1900:1-2001:9, 1925:1-2001:9, 1947:1-2001:9), 1995 (1871:1-1995:12, 1900:1-1995:12, 1925:1-1995:12, 1947:1-1995:12) , and samples ending in 1982 (1871:1-1982:12, 1900:1-1982:12, 1925:1-1982:12, 1947:1-1982:12) . Finally, we investigate the non-overlapping sub-samples 1871: 1-1936:12 and 1937:1-2001:9 . The first sub-sample covers an era of recurring deflation and the Great Depression, while the second sub-sample does not contain deflationary periods.
The first difference of the log dividend-price ratio is demeaned by regressing (d − p) t on a constant, C, and, alternatively, demeaned and detrended, C, T, by regressing (d − p) t on a constant, as well as a linear trend prior to estimation in the ADF and MTAR regression equations. Hence, we allow for a constant term and a linear trend as attractors. We perform the tests with a linear time trend included due to its possible impact on the properties of the tests. In general, if there is a time trend in the data and the regression equation does not contain a trend term, then the test has low power. On the other hand, if the regression equation contains a trend term but a trend does not exist in the data, then the null hypothesis is rejected too often. Therefore, we present results for demeaned, as well as demeanded and detrended data on (d − p) t .
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Lag lengths for the ADF and MTAR regressions, l, are selected according to Hall's (1994) general-to-specific method starting with lag l = 12 and using the 5% level of significance. 7 Ljung and Box (1978) statistics are used to investigate the autocorrelation properties of the residuals in the MTAR regression. The statisticsQ 4 ,Q 8 , andQ 12 include 4, 8, and 12 autocorrelation coefficients. The threshold, τ, is consistently estimated via Chan's (1993) method. 8 The empirical results for samples ending in 2001 are reported in Table 1 . First, the standard ADF test statistics provide mixed results for the log dividend-price ratio. Possible reasons for this finding could be the well-known low power of ADF tests in the presence of structural breaks, outliers or, as argued in this paper, asymmetric adjustment. With respect to the MTAR models, it is rather remarkable that the estimated thresholdτ is of the same value (and negative) for all samples considered. Furthermore, all Ljung and Box (1978) statisticsQ 4 ,Q 8 , andQ 12 are insignificant and indicate non-autocorrelation in the residuals of the MTAR regressions. The coefficients of the linear trend, Trend, are small and negative. All associated t-statistics are higher than 20.00.
More importantly, with the exception of the MTAR models for the 1947-2001 period theF C statistics are significant, and reject the null hypothesis of a unit root in the log dividend-price ratio, irrespective of the chosen deterministic components. This finding can be interpreted as evidence in favor of a cointegrating relationship between p t and d t with a [1, −1] cointegrating vector, i.e., that the log dividend-price ratio is stationarity. Hence, our empirical evidence Notes: MTAR refers to the momentum threshold autoregressive model (Eqs. (7) and (8)). ADF indicates t-statistics of the augmented Dickey-Fuller test,τ the (consistently) estimated threshold (Chan, 1993) andρ 1 andρ 2 the estimated parameters of the MTAR model with t-statistics in parentheses.F C andF A denote the F-statistics for the null hypothesis of no cointegration H 0 :ρ 1 = ρ 2 = 0 and symmetry H 0 :ρ 1 = ρ 2 , respectively. The lag lengths l are chosen as suggested by Hall (1994) .Q 4 ,Q 8 , andQ 12 are Ljung and Box (1978) statistics including 4, 8, and 12 autocorrelation coefficients. C and C, T denote demeaned and, respectively, demeaned and detrended data of the first difference of the log dividend-price ratio. Trend is the coefficient of the trend term with the t-statistics in parenthesis. Asterisks ( * , * * , and * * * ) denote significant statistics at the 10%, 5%, and 1% level, respectively (Enders & Granger, 1998; Enders & Siklos, 2001; MacKinnon, 1991). generally supports the long-run validity of the present value model with time-varying expected returns for the U.S. stock market.
Furthermore, while in the majority of cases theρ 2 parameters are statistically significant at the 1% level, the evidence for theρ 1 coefficients is mixed. All point estimates for the parameter ρ 2 are higher in absolute terms compared to the estimatedρ 1 coefficients and theF A statistics reject the null hypothesis of symmetric adjustment. These findings are insensitive with respect to the chosen deterministic specification and the sample period. Table 2 MTAR findings for samples ending in 1995 1871-1995 1900-1995 1925-1995 1947-1995 According to the estimation results in Table 1 , adjustments of changes in the log dividend-price ratio below the equilibrium are faster compared to the short-run adjustments above the long-run equilibrium. These findings support our hypothesis of the existence of short-run stock price increases relative to fundamentals followed by a crash. Hence, in the short-run, U.S. stock prices exhibit large and persistent deviations from the long-run equilibrium driven by speculative bubbles, noise trading and/or Phelp's mechanism of booms and slumps in economic activity. In the long-run, however, stock prices in the U.S. adhere to dividends. Table 3 MTAR findings for samples ending in 1982 1871-1982 1900-1982 1925-1982 1947-1982 We now turn to the results for the samples ending in 1995 and 1982 reported in Tables 2  and 3 . In general, the main conclusions we have drawn from the investigation of the samples ending in 2001 in Table 1 hold for the results contained in both tables as well. AllF C andF A statistics are significant. Moreover, in the majority of cases, theρ 2 coefficients are statistically significant, negative, and in absolute terms higher than theρ 1 parameters. Hence, the findings of a stationary log dividend-price ratio and bubble-like asymmetric short-run adjustments found for periods ending in 2001 are confirmed. The empirical results for the periods 1947-1995 and 1947-1982 are the exceptions. The evidence for the coefficientsρ 1 andρ 2 in the 1947-1995 period is mixed depending on the chosen deterministic terms. In addition, for the period 1947-1982, the empirical results stand with respect to the short-run adjustments in contrast to our theoretical hypothesis outlined above. This result is sensible against the background that the 1947-1982 sample does not contain bull market periods followed by crashes. Hence, this period stands out as being somewhat atypical relative to all the other samples considered. Table 4 contains the empirical findings for the two non-overlapping sub-samples. In the first sub-sample, the coefficientsρ 1 andρ 2 as well as theF C statistics are statistically significant leading to a rejection of the null hypothesis of a unit root in the log dividend-price ratio. However, theF A statistics do not reject the symmetry hypothesis. Our findings are rather different for the second sub-sample. Theρ 2 parameters are statistically significant at the 1% level and are larger than theρ 1 coefficients in absolute value. Furthermore, theF A statistics reject the null hypothesis of symmetry. Hence, when investigating non-overlapping sub-samples we find evidence that persistent deviations of stock prices from the long-run equilibrium driven by speculative bubbles, noise trading and/or Phelp's booms and slumps mechanism are a phenomenon found in the more recent period but not in the earlier sample.
Conclusions
A large part of the current debate on U.S. stock price behavior concentrates on the question of whether stock prices are driven by fundamentals and/or by non-fundamental factors. The application of standard cointegration techniques investigating present value models provides mixed empirical evidence, and the findings are only partly favorable to non-fundamental stock price increases. In this paper, we put forward the hypothesis that a present value model with time-varying expected returns (Campbell & Shiller, 1988a , 1988b provides an empirically valid description of U.S. stock price behavior in the long-run, while short-run deviations of actual stock prices from present value prices are driven by non-fundamental factors, like speculative bubbles (Blanchard & Watson, 1982; Evans, 1991; West, 1987) , noise trading behavior (Kirman, 1991 (Kirman, , 1993 Shleifer, 2000) , or possibly booms and slumps in economic activity (Phelps, 1994; Phelps & Zoega, 2001 ). The short-run deviations are formalized via a quite general class of processes which allow to model stock prices run-ups followed by a crash (Charemza & Deadman, 1995) .
More importantly, if the starting point for our empirical study is correct, then the log dividend-price ratio is, in the long-run, a stationary process with asymmetric short-run adjustments to the equilibrium. To test this empirical proposition, we apply the momentum threshold autoregressive method put forward by Enders and Granger (1998) , and Enders and Siklos (2001) , for the U.S. stock market covering the 1871:1-2001:9 period, as well as a number of sub-periods. Compared to conventional unit root and cointegration approaches this technique produces more convincing evidence of the time series properties of the log dividend-price ratio, because it is flexible enough to capture non-linear short-run adjustment patterns.
Our empirical findings provide support for the hypothesis that, in the short-run, U.S. stock prices exhibit run-ups followed by crashes while, in the long-run, stock prices adhere to funda-mentals. With only a few exceptions this result is quite robust with respect to different model specifications and holds for a number of samples including and excluding the periods of drastic stock price increases during the bull markets in the 1980s and the 1990s.
Notes
1. See, for example, Carlson and Sargent (1997) , Kopcke (1997) , Heaton and Lucas (2000) , Shiller (2001) as well as Wohar (2001, 2002) . 2. Detailed descriptions of both present value models can be found in Campbell et al. (1997) and Cochrane (2001) . 3. Unlike speculative bubbles, traditionally defined, Froot and Obstfeld (1991) propose the so-called intrinsic bubbles which depend exclusively on market fundamentals and not on extraneous events. While negative speculative bubbles are ruled out in most bubble models, Weil (1990) argues on theoretical grounds that it is possible for assets to be undervalued when the economy is in a bubble equilibrium. 4. It is also likely the case that such a phenomenon is partly explained by asymmetries in monetary policy. Finally, there is considerable evidence of asymmetries in business cycles (Falk, 1986; Neftci, 1984) . 5. It should be noted that Enders and Granger (1998) provide critical values only for the joint null hypothesis H 0 :ρ 1 = ρ 2 = 0, but not for the t-statistics of the individual parameters for the univariate MTAR model. However, critical values for the t-statistics can be found in Enders and Siklos' (2001) generalization of the MTAR model to a multivariate context. Due to the univariate nature of our present investigation, the evidence on the t-statistics should be interpreted with some caution. 6. It should be noted, that the distribution of the t-statistics of the trend in the ADF and MTAR regressions is non-standard and, hence, the t-distribution cannot be used to draw reliable inferences on the statistical significance of the trend. In the tables, we report the estimated coefficient of the trend together with the t-statistics without indicating statistical significance. 7. In addition to Hall's lag length selection method, we performed the ADF and MTAR tests using the criteria of statistically significant coefficients as a different lag determination technique. The results (not shown) are qualitatively the same. 8. Since we have little a priori knowledge about the true value of the threshold, Chan's method is used to consistently estimate this parameter. This involves sorting the estimated residuals in ascending order, excluding 15% of the largest and smallest values, and selecting from the remaining 70% the threshold parameter which yields the lowest residual sum of squares (Enders & Siklos, 2001) .
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